ABSTRACT T h i s p a p e r is concerned with t h e design of s y s t o l i c a r c h i t e c t u r e s f o r a l a t t i c e f i l t e r s y n t h e s i z e r , i n c o r p o r a t i n g b i t -l e v e l p i p e l i n i n g . These a r c h i t e c t u r e s are d e r i v e d by f i r s t o f a l l r e p r e s e n t i n g t h e r e q u i r e d computations by means of a s i g n a l flow g r a p h . N e x t , we make u s e of t h e s o c a l l e d " d e l a y t r a n s f e r " a n d " g a i n t r a n s f e r " r u l e s t o ' s y s t o l i z e ' t h i s SFG a t b i tl e v e l . The r e s u l t i n g s t r u c t u r e s t u r n o u t t o b e l i n e a r l y connected a r r a y s of c a r r y s a v e adders i n v o l v i n g o n l y l o c a l n e a r e s t n e i g h b o u r d a t a p a t h s .
t h e s o c a l l e d " d e l a y t r a n s f e r " a n d " g a i n t r a n s f e r " r u l e s t o ' s y s t o l i z e ' t h i s SFG a t b i tl e v e l . The r e s u l t i n g s t r u c t u r e s t u r n o u t t o b e l i n e a r l y connected a r r a y s of c a r r y s a v e adders i n v o l v i n g o n l y l o c a l n e a r e s t n e i g h b o u r d a t a p a t h s .
SUMMARY A l a t t i c e f i l t e r s y n t h e s i z e r has many important a p p l i c a t i o n s i n areas s u c h as s p e e c h s y n t h e s i s
, g e o -p h y s i c a l s i g n a l p r o c e s s i n g , and l i n e a r p r e d i c t i o n , e t c . B e c a u s e o f t h e l a r g e number o f c o m p u t a t i o n s r e q u i r e d t o implement a l a t t i c e f i l t e r s t r u c t u r e , s i n g l e p r o c e s s o r a r c h i t e c t u r e s may n o t be a b l e t o a c h i e v e high enough d a t a rates f o r r e a l time a p p l i c a t i o n s . The s o l u t i o n l i e s i n i n t r o d u c i n g concurrency by i n c o r p o r a t i n g m a n y p r o c e s s i n g e l e m e n t s o p e r a t i n g i n p a r a l l e l a n d / o r p i p e l i n e d c o n f i g u r a t i o n .
W i t h t h e a d v e n t o f VLSI t e c h n o l o g y , t h e e m p h a s i s h a s s h i f t e d t o w a r d s i n t e g r a t i n g a l a r g e number o f s u c h computing elements o n t o a s i n g l e chip. However, t h i s p l a c e s some s p e c i a l c o n s t r a i n t s on t h e a r c h i t e c t u r e . A multip r o c e s s o r a r c h i t e c t u r e which is being c o n c e i v e d f o r VLSI i m p l e m e n t a t i o n , s h o u l d p r e f e r a b l y have: 1 ) N e a r l y i d e n t i c a l p r o c e s s i n g e l e m e n t s t o reduce design c y c l e time.
S y s t o l i c a r r a y a r c h i t e c t u r e s proposed by Kung & L e i s e r s o n [ l ] m e e t t h e a b o v e t w o r e q u i r e m e n t s and a r e t h e r e f o r e s u i t a b l e f o r VLSI i m p l e m e n t a t i o n . S y s t o l i c a r c h i t e c t u r e s I
o d u c e p i p e l i n i n g a t b i t l e v e l . A number of b i t -l e v e l s y s t o l i c a r r a y d e s i g n s are a v a i l a b l e i n t h e l i t e r a t u r e C41, [51. However no f o r m a l methodology f o r d e s i g n i n g b i t -l e v e l s y s t o l i c a r c h i t e c t u r e s h a s b e e n p r o p o s e d s o f a r . R e c e n t l y w e h a v e r e p o r t e d a f o r m a l t e c h n i q u e f o r d e s i g n i n g b i t -l e v e l s y s t o l i c a r c h i t e c t u r e s [SI.

I n t h i s p a p e r we a p p l y t h e t e c h n i q u e developed i n [6] t o o b t a i n b i t -l e v e l s y s t o l i c a r r a y s f o r the l a t t i c e f i l t e r s y n t h e s i z e r . The a p p l i c a t i o n of t h i s technique t o t h e problem a t h a n d is b r i e f l y d e s c r i b e d i n t h e f o l l o w i n g s t e p s :
S t e p 1: A lattice! f i l t e r s y n t h e s i z e r s t r u c t u r e is r e p r e s e n t e d by a n SFG a s i n F i g . 1 . T h e k i t s a r e t h e f i l t e r c o e f f i c i e n t s a n d a r e assumed t o be known.
S t e p 2 :
T h e f l l t e r c o e f f i c i e n t s c a n be r e p r e s e n t e d by m-bit binary number i.e.
m-1
The f i l t e r s t r u c t u r e can now be redrawn as i n Fig. 2. S t e p 3: Form c u t -s e t s a s shown by the broken l i n e s i n F i g . 3.
S t e p 4: I d e n t i f y t h e arcs ( e d g e s ) of t h e SFG which are delay f r e e . Such e d g e s imply g l o b a l d a t a p a t h s a n d n e e d t o be avoided. Therefore, U.S. Government Work. Not protected by US. copyright.
d e l a y s ( s t o r a g e r e g . ) n e e d t o b e i n t r o d u c e d i n t o t h e s e e d g e s . W i t h t h e a d d i t i o n o f a d e l a y , t h e v a r i a b l e a s s o c i a t e d w i t h t h i s edge is p i p e l i n e d .
S t e p 5: Apply delay s c a l i n g and delay t r a n s f e r r u l e s [ 2 ] s o as t o b e a b l e t o l o a n d e l a y s t o delay free edges.
S t e p 6 : A p p l y g a i n t r a n s f e r r u l e C61 t o c o n v e r t m u l t i p l e b i t s h i f t s i m p l y i n g g l o b a l communication t o s i n g l e b i t s h i f t s r e q u i r i n g only l o c a l communication.
By f o l l o w i n g t h e s e s t e p s , two d i f f e r e n t a r c h i t e c t u r e s c a n b e o b t a i n e d . Both of t h e s e a r c h i t e c t u r e s c o n s i s t of l o c a l l y i n t e r c o n n e c t e d a r r a y s of c a r r y -s a v e a d d e r s .
One of t h e d e s i g n s i s s h o w n i n F i g . 3. By s u i t a b l y i n c o r p o r a t i n g a d d i t i o n a l d e l a y s , a s e c o n d a r c h i t e c t u r e has a l s o been o b t a i n e d which makes it p o s s i b l e t o time share a s i n g l e 1 -b i t a d d e r b e t w e e n m -s t a g e s a n d t h e r e b y r e d u c e t h e area requirement a t t h e e x p e n s e of s l i g h t l y s l o w e r t h r u p u t . Hence, depending on t h e requirement, we c a n make a t r a d e o f f b e t w e e n t h e s p e e d and t h e a r e a . The f i n a l paper c o n t a i n s both these a r c h i t e c t u r e s . 
